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Abstract: 
The goal of this study was focused on growth form analysis and study of the 
genomes and genomic relationships of Tradescantia ohiensis and Tradescantia 
virginiana (Spiderworts) using DNA microsatellites. Ecological field studies were 
conducted on Dauphin Island, Alabama, and in Henry County in Central Indiana. 
Analysis of the growth forms and habitats of the two species resulted in significant 
ecological conclusions. These include the analysis of altered patterns of growth in less 
than ideal environments (sand, salt spray, and shade), finding that the size and health of 
the plant is directly related to the environment in which that plant lives, and the 
realization that reproductive structure biomass is constant, despite the biomass allocation 
to other plant parts. 
A genomic DNA isolation and PCR protocol were also developed, using somatic 
tissue and pollen samples that were collected during the field studies. A sample was 
taken from each of the 500 plants examined, providing a source for DNA microsatellite 
analysis of genetic relatedness between two different species and between populations 
within the same species. 
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Introduction: 
Field Studies 
The genetic work that is the end result of this project was started as a result of two 
separate field studies on two angiosperm species in genus Tradescantia. The two 
species, T. ohiensis and T. virginiana, are markedly similar in physical appearance, but 
are isolated because ofthe habitat in which they grow. T. ohiensis tends to grow in more 
sandy soils, such as those found on barrier islands and near beaches, although a few 
examples have been noted in Central Indiana (Figure I). T. virginiana grows in more 
moist soils, and in Central Indiana is considered to be the marker of original prairies. 
Examples ofthis species can be found in undisturbed cemeteries and woodlots (Figure 2). 
Dauphin Island 
The first field study took place on Dauphin Island, Alabama during spring of 
2003. This island is a sand-based barrier island; thus, the salinity and sand content of its 
soils are high. Hence, the species that could be studied here was T. ohiens is. It is koown 
that saline environments affect the physical development and relative health of plants 
(Munns., 2002). From the beginning of seed germination through the later stages of plant 
development, high saline concentrations act as repressors of development, and in high 
concentrations result in both seed and plant death. The first symptom of salt stress 
appears as a lack of moisture, demonstrating the dehydrating effects of salts on plant 
cells. The effect is most apparent in stomatal and mesophyll cells. In non-halophyte 
plants, high salinity depresses the mechanisms of photosynthesis, especially photosystem 
II; thus, in high salt concentrations, 
Figure I. Examples of T. ohiensis growing: A. In a highly disturbed area, near a parking 
lot on a curb, B. On a secondary dune of a barrier island in the sand. C. On the wooded 
tertiary dune of a barrier island. facing partial shading. 
C 
Figure 2. Examples of T. virginiana growing: A. In a highly shaded woodlot in Central 
Indiana and B. In a relatively undisturbed cemetery in direct sunlight 
A 
B 
such plants die or are display stunted growth (Lu, et aI., 2002). These stunted (small) 
plants must presumably expend greater energy toward survival, thus, having less energy 
for other life processes (e.g.: reproduction). 
The relationship of the growth form and the relative output ofreproductive energy 
have been studied in other plants, with mixed results. Some plants demonstrate a strong 
relationship while others exhibit none at all (Noe., 2002). For example, a large plant 
might be capable of producing more reproductive structures, and hence, be more capable 
of successful reproduction. On the other hand, plants may have a set amount of 
reproductive output, regardless of plant size. Two hypotheses were tested in this study: 
1. Reproductive effort is directly associated with plant health [as estimated by plant 
biomass allocation) with the prediction that larger plants would have more flowers. 2. 
Reproductive effort is inversely related to the habitat stress (represented by limited 
sunlight and higher levels of salt spray). This hypothesis would predict that plants in 
areas with more sun and less salt spray would have more flowers. 
Central Indiana Study 
The second field study was conducted in Central Indiana using examples of T. 
viginiana. The purpose of this study was to determine what effect shade had on the 
allocation of resources in T. virginiana toward roots, shoots, and reproductive structures. 
It is hypothesized that plants growing in grassland areas with ample sunlight will have 
additional energy to expend on reproduction; thus, greater proportional allocation will 
occur in buds and flowers because of the existence of a greater abundance of 
photosynthetic material. Plants in shaded populations will demonstrate greater resource 
use on the growth of shoots because of the need to compete with taller foliage for the 
available sunlight; thus, there will be less allocation toward roots and reproductive 
structures. 
Plant morphology has been shown to change dramatically with differential 
exposure to solar radiation. Shaded plants demonstrated less branching and leaf 
structures (Marcuvitz and Turkington 2000). Allocation of energy in stems and 
reproductive structures reduced the amount of energy that can be expelled toward root 
development. The optimal foraging theory stated that plants growing in abundant 
nutrients and limited light invested more energy into shoots (Molles 2002). Natural 
changes in quantity and quality of light occur as a result of seasonal, diurnal, and 
meteorological events. In addition, interactions with canopy plants can reduce the 
wavelength of useable light, allowing ground plants to utilize less of the spectrum. Thus, 
there is a direct relationship between light levels, root/shoot allocation, and reproductive 
output (Nilsen and Orcutt 1996). These interactions are assessed in Tradescantia and the 
results are interpreted relative to the optimal foraging theory. 
Genetic Study 
The goal of the genetic part of this study was to optimize the DNA isolation 
protocol and the polymerase chain reaction (PCR) reactions, as well as the amounts of the 
respective substances used in the PCR mixture. The primers used were both 
microsatellite primers and randomly amplified polymorphic DNA (RAPD) primers. The 
amplified bands produced were separated using agarose gel electrophoresis. 
DNA Microsatellites 
DNA Microsatellites, variable number of tandem repeats (VNTRs), or single 
sequence repeats (SSRs) are short segments of non-coding DNA that demonstrate a 
highly repetitive sequence. These repeats vary widely in number, bases per repeat, and 
total repetitiveness, showing between two and 40 repeats. In addition, diploid organisms 
will have two sets of repeats, which mayor may not be identical, depending on the 
system. An important feature of such repeats is that they act as alleles, allowing for low 
rates of inter-allelic recombination. In essence this allows the number of repeats to vary 
widely, sometimes shifting from one allele to another. Simple sequence repeats originate 
from the unequal crossing-over or replication errors resulting in formation of unusual 
DNA secondary structures such as hairpins or slipped strands. They are found to be 
abundant in plant genomes and are thought to be the major source of genetic variation in 
quantitative traits. If the resulting repeats happen to be in the coding region then it may 
be translated into single amino acid repeats or oligo-peptide repeats and can eventually 
dictate the structure of the protein and its function. Over extended periods of evolutionary 
time in a breeding population, individuals will recombine their microsatellites via 
conjugation and maintain an equilibrium number that is characteristic of that population 
and may be distinguishable from other populations of the same species 
(occawlonline. pearsoned.comlbookbind). 
Currently, the most common method of detection of SSR is through the use of 
microsatellite primers and the polymerase chain reaction (PCR). The primers will flank 
the microsatellite sequence, and since the length of each primer is known, any additional 
length to the fragment is because of the SSR region. The PCR product is separated via 
gel or capillary electrophoresis. 
SSRs are becoming the standard DNA markers for eukaryotic and prokaryotic 
systems, and they are being used as indicators in marker-assisted breeding. A wide 
variety of methods for the construction of enriched libraries for microsatelIite sequences 
have been reported. 
The effects of microsatellites in humans are not really known to date, but there 
have been numerous hypotheses about their functions. These microsatellites do not 
scramble the genetic information as they do in the bacterial genome, and most seem to lie 
outside of the reading frames of the functional genes. A few, however (about 10%), 
actually lie inside of the reading frames of genes. Of this 10 percent, almost all are triplet 
repeats, which expand/contract in threes. These expansions can occur without disturbing 
a gene's message. Having the same length as a codon leads to insertion or removal of 
a few amino acids without changing the sequence of all the others down the line. 
This leads one to ask the question, "What, if any, are the roles of microsatelIites in 
eukaryotic systems?" Obviously they are useful to scientists for identification work, but 
do they actually have a biological function or are they just "fluff;" however, it is 
suspected that they have some function because eukaryotic systems have an incredible 
amount more micro satellites than do any prokaryotic system, and many of them occur in 
or near genes involved in pathways regulating fundamental cellular processes. 
The effects of eukaryotic microsatellites that have been traced have proven to be, 
as a rule, harmful. The first example is Huntington's disease. This disorder 
characterized by " ... late-onset dementia and gradual loss of motor control" 
(spauldingrehab.mgh.harvard.edu) is triggered by a flawed version of a gene that codes 
for the protein, huntingtin. The normal gene contains a long, triplet microsatellite that 
adds a string of glutamines near the N-terminal region of the protein. The number of 
glutamines ranges from 10 to 30, but affected persons carry a microsatellite coding for a 
long series of 36 or more glutamines. Twelve such diseases are now characterized, and 
50% of the disease-causing microsatellites are inside a gene, encoding glutamines. 
Since this study involves plants, a eukaryotic system, the most important example 
of the use of micro satellites is in the white bark pine (Pinus albicaulis), a plant. In this 
particular study, " ... mtDNA and cpDNA microsatellite haplotype data were used to 
assess genetic structure and gene flow via seed and pollen" (Richardson et., al 2002). 
Samples were taken from Klamath Falls, Oregon, and Salmon, Idaho. For the 
sequencing of the mtDNA, four primers were employed. Some populations displayed 
only one haplotype while others demonstrated two, and these haplotypes varied in their 
geographical distributions. Within the species, Pinus albicaulis, there were two slightly 
genetically different populations, those demonstrating the single haplotype and the next 
having two; however, these are not significant enough to call them separate subspecies. 
Upon the use of similar analyses for the genetic structure of these populations, 
comparable results were found. It is now hypothesized that, if given enough time, these 
populations will diverge significantly enough to become new species. This can only 
occur if enough genetic changes are created within the genomes to cause hybrid 
dysgenesis. This would be detectable only if the two populations were to ever attempt 
interbreeding. Thus far in the analysis, pollen has been found traveling between the 
populations in extremely minute amounts. As long as this flow of genetic material is 
present, the populations will not be completely isolated, and thus, they are not as readily 
capable of speciation. 
Materials and Methods: 
Dauphin Island 
Dauphin Island, a barrier island off the south coast of Alabama, is a unique 
location because of the variety of habitats it contains, including, an estuary, salt marsh, 
tertiary forest, dune swale, beachfront, and prairie land. The island has primary through 
tertiary dune structure, and supports an abundance of species, including Tradescantia 
ohiensis. T. virginiana proliferates on the island and in each of the habitats; hence, the 
island becomes an ideal location for the study. The island, however, is a nature preserve, 
so plants could not be removed from the soil, only measured for size as an indirect 
measure of biomass allocation (healthier, more nutrient holding plants would be larger). 
On Dauphin Island, Tradescantia ohiensis populations were sampled in three 
habitats: beach populations had high sunlight exposure and high salt spray exposure; 
forest populations had reduced sunlight and limited salt spray exposure; and grassland 
populations had high sunlight and limited salt spray exposures (Figure 3). 
Upon entering each habitat, the first plant encountered was sampled. The stem 
diameter was measured with calipers, height and internode distance with a meter stick, 
and the number of leaves and flowers were counted. These were all established as 
indirect indicators of plant size and biomass allocation. The first plant encountered due 
east and at least 3 meters from the previous plant was sampled (to reduce the possibility 
of using clonal individuals). This process was repeated until 30-34 individuals were 
sampled from each habitat. In the forest habitat this procedure yielded only sixteen 
plants. Therefore, sampling every individual found on the perimeters of several nearby 
wooded areas generated the remainder of the forest sample. In total, 105 plants were 
measured. 
Correlations among the plant size measurements were examined to determine 
which could be applied to the estimation of plant health/size. Reasonably high 
correlations were found between all measurements except internode distance. Thus, stem 
length, stem diameter, and number of leaves were summed to produce a value 
representing overall plant health and size. This value was used in the subsequent analysis 
of the relationship between plant health and reproductive effort. 
An analysis of variance was performed to test for differences in reproductive 
effort (flower numbers) per plant across the three habitats. The ANOVA was followed 
by Tukey HSD tests for pair-wise comparisons among the three habitats. 
Central Indiana Study 
For the second field study, a drying oven was available, so samples could be 
removed from the site and brought back to the lab for analysis. This was the preferable 
method for studying biomass allocation, as it allowed for a direct measure of the dried 
weight of plant material in each respective plant region (roots, shoots, and reproductive 
structures). Four study sites were sampled in Henry County, Indiana. The two grassland 
sites were found in turn of the century cemeteries with the minimal presence of large 
woody plants. The first shaded habitat was in Wilbur Wright woods, and the second in a 
woods near a gravel quarry outside Luray, IN (Figure 4). Both wooded populations 
occurred on a steep incline with plants evenly distributed throughout the entire habitat, 
but the grassland habitats were relatively flat. Plants here occurred in smaller, scattered 
patches. 
Representative samples were collected in each site based upon its contribution, in 
proportion to the sum areas of each site of that specific habitat. 25 plants from each 
habitat were randomly selected using coordinates generated using a table of random 
numbers. 
Figure 3. Sampled sites on Dauphin Island, Alabama: A. Beach habitat with high 
sunlight, high salinity, and low soil moisture B. Grassland habitat with high sunlight, 
and moderate salinity and moisture C. Wooded habitat with some dellree of shadinll. 
Plants were all harvested within a short time of each other to ensure that no plant 
had more time to accumulate more energy than any other plant. Removing the above 
ground structure and then exposing the roots harvested each individual plant. Shoots 
were sliced away from roots using a trowel and the buds using a razorblade. A large 
coffee can was then placed over the location of the roots and pounded into the ground 
using a rubber mallet. The roots were then separated from the rest of the soil by careful 
cleansing with water. Individual portions were then placed in separate labeled paper 
bags and dried in an oven for a minimum of five days at maximum temperature until 
constant dry weight was attained. In total, 150 plants were studied. 
The resulting dry matter was then weighed to determine the proportions of 
biomass present in the roots, shoots, and buds. The proportional data was used to 
compare each plant portion across the two habitats, determining specific energy 
allocation to growth in each environment. Statistical analysis involved the Mann-
Whitney U-test to compare the median of proportions of shoot to root biomass and 
reproductive structures to total biomass. 
Although the method for the measurement of plant biomass differed in the two 
studies, the values can still be compared. The values for plant size (stem length, 
diameter, etc.) are still indicative of the proportional biomass allocation to the respective 
plant region. 
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Figure 4. Maps with GPS coordinates and photos of each habitat 
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Genetic Field Work 
At every plant examined in both field studies, pollen samples were collected for 
later genetic analysis by removing the anthers with a razorblade and collecting each 
individual plant's pollen in a separate Eppendorf tube. In addition, every one in five 
plants was sampled to later test for ploidy. Removing early forming buds and placing 
them in Caraway's fixative accomplished this. These samples had to be collected from 
plants that had not yet flowered because the chromosomes cannot be isolated once 
meiosis has occurred. Later these samples were transferred into 75% ethanol and placed 
in a -30 degrees Celsius freezer for storage. 
DNA Isolations 
The next task was to create the DNA isolation protocols for both somatic plant 
tissue and the pollen grains, themselves. The pollen isolation was a physical attempt to 
break open the grains. Using a mortar and pestle to grind glass into extremely small 
pieces and mixing them into a small amount of RNase free water to produce a "glass 
slurry" accomplished this. Ten uL of the slurry were placed into an Eppendorf tube 
with 25 uL of ultra-pure free water and one anther. For the sake of conserving the 
anthers collected during the field studies, practice anthers were removed from the 
Tradescantia virginiana individuals growing in the Christie Woods Greenhouse. The 
tubes were then placed on a Vortex Mixer for 1 minute then heated at 95° C for 1 minute. 
The purpose of the vortexing with glass shards was to cut open the thick walls of the 
pollen grains, exposing the DNA. The samples were heated to denature the Iysozymes 
and nucleases present in the cells. This cycle was repeated 3 times, and the final product 
was centrifuged for I minute to push the glass into a pellet. Acetyl carmine stain was 
used to examine the pollen grains after each stage of the treatment to determine if any 
DNA was released. 
The isolated DNA solution was then analyzed on a Beckman DU-64 Digital 
Spectrophotometer using ultraviolet light at wavelengths 260 and 280 nm. To determine 
the concentration, the 260 reading was multiplied by the dilution factor, 100, and then the 
extinction coefficient for DNA, 50ug/ml. To determine the purity of the solution, the 260 
reading was divided by the 280 reading. An ideal purity reads between 1.6 and 2.0. 
In addition to the DNA isolated from the plant tissues, some DNA was used from 
samples of maize, isolated by Dr. Anne Blakey, serving as a control. These three 
samples were simply referred to as TX303 and Co159, the parentals, and TX/Co, the FI 
cross of those parentals. These would be used because they had already been processed 
using the same both the RAPD and microsatellite primers that were going to be employed 
on Tradescantia, giving another means of comparison. 
PCR Protocols 
PCR procedures were written but had to be optimized, so several different 
annealing temperatures were used in attempt to find the ideal. All PCR reactions were 
carried out for 35 cycles on a Perkin-Elmer Gene Amp 2000 PCR machine. Attempted 
temperatures started at a high of 700 C and went down in 50 increments to 400 C. This 
must occur because of the specific sequence of the primers; the higher the temperature, 
the better the sequence of the primer must compliment the DNA sequence if replication is 
to occur. DNA concentration had to be optimized, so adding different amounts of DNA 
at concentration 10ng/ul to each tube did this. In addition, two types of PCR mixes were 
used. The first was a Sigma's Jumpstart Ready Mix Red Taq with all components 
premixed, including nucleotides, Taq polymerase, MgCI, and PCR buffer. The second 
was the Sigma Taq SuperPak PCR kit with all components separate (Table 1). Two types 
of primers were used, the first were RAPD oligonucleotide primers produced by Qiagen 
(Table 2). The second primers used were the microsatellite primers. These were isolated 
originally in human systems, but were used and showed results in maize (Table 3) 
(Murray et aJ 1988). 
1.5% agarose gels were run at a voltage of 74.4 V for 3 hours. A Lambda DNA 
pst! Digest molecular size marker was run in each of the gels. Gels were then stained 
with ethidium bromide for 30 minutes and rinsed in two de-ionized water baths for 30 
minutes each. Gels were finally photographed using a Fotodyne UV illuminator, Gel 
Print 200i BioPhotonics Corp camera system. 
Table I. PCR reaction components, original concentrations, and amounts used; PCR 
reaction times and temperatures for 35 cycles 
Component Original Concentration Amount used 
Taq DNA polymerase 5 units in 20 mM Tris-HCL .5 ul 
PCRbuffer lOX in 100mM Tris-HCL 2.5 ul 
dNTPs 10mM of dATP, dGTP, lui 
dTTP, and dCTP 
MgCh 25mM I ul 
Primer 10uM 2 ul 
RNase-free H2O Varies, to increase volume 
to 25 ul 
DNA 10ng/ul Varies 
Cycle portion Temperature Time 
(C) (minutes) 
Initial denaturation 94 2 
Denaturation 94 I 
Annealing Varied 1 
(70-40) 
Extension 72 4 
Final Extension 72 7 
Hold 4 indefinite 
Table 2. Oligonucleotide primers used: names, sequences, optical density and 
molecular weights. 
Sequence 5' -3' sequence Optical Molecular 
Name Density Weight 
OPC-03 GGGGGTCTTT 8.83 3090.07 
OPC-04 CCGCATCTAC 7.71 2947.95 
OPC-05 GATGACCGCC 7.89 3012.98 
OPC-07 GTCCCGACGA 6.52 3012.98 
OPC-08 TGGACCGGTG 7.53 3084.04 
OPC-09 CTCACCGTCC 7.31 2923.92 
Table 3. MicrosateIlite primers used: names and sequences. 
Primer Name Sequence 5-3' 
YN-2-20 CTCTGGGTGTGGTGC 
FxII-ex8 ATGCACACACACAGG 
FxII-ex8c TACGTGTGTGTGTCC 
HNR-Rice CCTCCTCCCTCCT 
Results: 
Dauphin Island 
Morphometric measurements from each plant in the study are shown in the 
appendices on Tables A, B, and C; however, average values and relationships for each 
criteria studied are summarized in Table 4. Plant health was not a significant predictor of 
flower number (Figure 5). In fact, there is an obvious outlier plant whose high flower 
number accounts for much of the perceived relationship. 
Flower number per plant differed across the habitats (Figure 6, ANOYA: F2,97 = 
19.39; P< 0.001) with significantly higher numbers on plants in the grassland habitat 
(Tukey test, p< 0.01). Flower numbers on plants in the beach and forest habitats were not 
significantly different. 
Table 4. Plant health correlation data 
of 
Figure 5-Combined Plant Health versus number of flowers; R2 = .154; y=12.378x 
+ 27.183. 
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Central Indiana Study 
In the second field study, it was found that proportional allocation to roots and 
shoots in plants of T. virginiana growing in shade habitats differed from those growing in 
well-lit areas, but allocation to reproductive structures was not different. The original 
data values are contained in Appendices tables D and E, but values are summarized in the 
following figures. The median of the proportion of shoot to root biomass in the shade 
habitats was significantly higher than that of plants sampled from grassland (Figure 7, p = 
.0002). Median weights of shoots (p=0.356l8) and reproductive structures (p=O.2646) 
did not differ among T. virginiana in shade and well-lit areas. The median weight of the 
roots, however, was significantly greater in grassland plants (p=O.0005). 
The median proportion of reproductive structure weight to total plant biomass 
was not significantly different among plants in the two habitats (Figure 8, p=.1403). 
There was a negative correlation between plant size and reproductive structure biomass in 
both habitats: root to shoot (Figure 9a), reproductive to non-reproductive (Figure 9b), 
and the proportion of reproductive structures and total mass to the total mass, itself 
(Figure 9c). Overall, the actual biomass of reproductive structures was similar 
throughout all populations and habitats, regardless of total biomass (Table 5). 
Figure 7. Shoot-to-root ratio of T. virginiana in shade versus well-
lit habitats. 
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Figure 8. Reproductive structure to total biomass ratio of T. virginiana in shade 
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Table 5. Medians for absolute biomass and biomass ratio variables for T. virginiana in 
shade vs. well lit habitats. 
Median for shade Median for well- P-value 
areas lit areas 
Shoot to root biomass 0.716 0.3028 p=0.0002 
Reproductive 0.0683 0.0613 p=0.1403 
structure to total 
biomass 
shoot biomass (g) 0.131 0.165 P = 0.35618 
reproductive biomass 0.34 0.36 p=0.2646 
(g) 
root biomass (g) 0.124 0.511 p=0.0005 
DNA Isolation 
Stamens were collected so DNA could be isolated from the pollen cells. This 
allows for a comparative study between the two species, but more imporantly, between 
each of the habitats studied for each species. 
The initial DNA isolation protocol was run along with maize TxlCo DNA using 
RAPD primers OPC 4 and OPC 7 (Figure 10). The far left band is the molecular weight 
marker, and the next two are maize DNA bands. The fourth band is DNA isolated from 
the glass and vortex technique. This PCR was run using the above prescibed technique 
with an annealing temperature of 55 degrees C. 
The liq uid nitrogen isolation technique produced a large quantity of DNA in 
solution, and this was measued on the spectrophotometer. The 260 reading was .015, and 
the 280 reading was .011. Hence, the purity (2601280) was 1.367, and the concentration 
(260 times the dilution of 100 and the extinction factor 50ug/ml) showed the 
concentration to be .075 ug/ml. 
Figure 10. DNA isolation protocol test, maize DNA, and marker with 
OPC-4 and 7 
The newly extracted DNA was run with microsatellite primers, along with maize 
TxlCo DNA (Figure 11). This was run with an annealing temperature of 40 degrees. 
Additionally, varying amounts of DNA were used. The primers employed in this case 
were FVIIex8 and FVIIex8C. The first lower lane is the molecular weight marker, and 
the second in a Tradescantia band with 1 ul of a 10 ug/ul solution of isolated DNA. 
Figure 11. Amplification of Tradescantia DNA using microsatellite primers 
FVIIex8 and FVIIex8c. 
Discussion: 
Dauphin Island 
Reproductive output is one of many sources on which a plant expends its energy. 
Its length, stem diameter, and number of leaves are other sources for energy expenditure. 
As part of the same living system, at least two relationships might be proposed. Plants 
exhibiting extensive growth might be expected to be able to expend a great deal on 
reproduction as well. Alternatively, a tradeoff between growth and reproduction could be 
postulated with energy expended on one being unavailable for the other. The lack of 
either a negative or positive relationship between these two expenditure categories in the 
present study suggests that factors other than or in addition to plant size (health) may be 
important in determining reproductive output. 
As hypothesized, the grassland habitat with minimal salt spray interaction and 
ample sunlight displayed greater energy expenditure toward reproduction. This 
demonstrates that the greater the amount of sunlight and less interaction with unfavorable 
stimuli (i.e.: salt spray); the more energy that the plant has to put toward reproduction. 
More sunlight allows for more photosynthesis, and hence, a greater concentration of the 
carbohydrates produced in that process that can be used for growth and plant 
development. 
On the other hand, the results in this study strongly implicate habitat conditions as 
a factor in the level of reproductive effort in Tradescantia ohiensis. While other, 
unmeasured habitat characteristics (e.g. soil characteristics) might be equally important, 
the plants growing in full sunlight and away from the salt spray had many more flowers 
than those in beach or forest situations. Munns suggests that this phenomena occurs 
because all plants must reach a certain "status" to be capable of reproduction. After this 
level is reached, any amount of reproductive output is possible. Interaction with and the 
survival of less than ideal situations takes energy from the plant; thus, that energy cannot 
be utilized in the further growth and later reproduction of the plant. 
Central Indiana Study 
T. virginiana sampled from shade habitats had higher shoot to root biomass 
proportions than those plants sampled from grassland habitats. The root systems of the 
grassland plants were larger, supporting the optimal foraging theory via the more limiting 
resource, water. Shaded plants tended to have less light and more water available and, 
therefore, did not need the extensive underground structures. Plants growing in well-lit 
areas had less water and more light; hence, greater energy expenditure in root growth 
(Loomis 1953). Because this difference was apparent, the uncontrolled variable of 
habitat slope did not appear to affect the outcome. 
There was not a significant difference the proportion of total biomass in 
reproductive structures. This was unexpected due to the large size variation among the 
individual plants and habitats. This result implies that this particular species has a 
genetic pre-disposition to produce a specific amount of inflorescence, despite overall 
mass of the plant. Further studies should be conducted to determine precisely what is 
regulating the reproductive output. 
The additional data analyses revealed several interesting points that led to further 
exploration. The correlation between total plant biomass and reproductive structure 
biomasses occurred in both the shade and grassland habitats, expressing that smaller 
plants put more energy into producing reproductive structures than did larger plants. The 
effects of location on proportional allocation of resources are due mainly to plant size 
(Worley and Harder 1996). The similarities in median biomass values for shoot and 
reproductive structures among both shade and grassland habitats showed remarkable 
consistency among T. virginiana; regardless of habitat, reproductive output remained 
constant. Grassland populations, however, had larger below ground systems showing 
that these plants obtain and use more carbon resources to create more extensive roots. 
DNA Isolation 
DNA, once extracted from the pollen cells, serves as the perfect medium for 
comparison between species and throughout habitats. Obviously, two separate species 
will have different genomic compositions, but it can be expected that the same species, 
growing in different habitats may also have differences in the genome. This is because of 
different selective pressures created by the habitat in which the individuals is existing. 
Although the some DNA was extracted using the glass-vortex technique, many of 
the gels run later showed no banding. While this could have been the result of many 
problems in the PCR protocol or concentrations, therein, it led to led to the decision that 
the isolation technique was also too unreliable to give results every time it was used. For 
this reason, a new protocol has been suggested, but not tested. This would involve using 
RNase-free Protease K and lysozyme to digest the exterior coat of the pollen grain, along 
with violent vortexing. This would have to be followed by a precipitation of the protein, 
as it would greatly interfere with the amplification that must occur during PCR. 
A few additional problems arose with the gels. The first was over-staining. 
Although minimal amounts of ethidium bromide were used, there were still several 
instances where gels were over-stained. Additionally, later gels posed a melting problem 
because they were run for slightly longer periods of time. A protocol must be created to 
eliminate this problem; otherwise, gels are ruined. 
The liquid nitrogen extraction from the herbaceous plant produced a large 
quantity of DNA of purity somewhat less than ideal. Ideally, the purity would have been 
between 1.6 and 2.0 on a 260/280 reading; this had a purity of 1.367. Although less pure 
than ideal, it was assumed that this would suffice. If a greater purity is desired, another 
chloroform extraction and precipitation could be performed. 
PCR Protocol 
The PCR protocol with an annealing temperature of 40 C is ideal for the 
microsatellite primers. Additionally, a DNA concentration of.5 - 1 ng per 20 ul ofPCR 
mix is ideal. Any more than that amount, and no amplification will occur. Additionally, 
through this optimization, it was learned precisely how sensitive the PCR reaction is. 
Continuing Research 
Now that that a DNA isolation protocol has been recommended and a PCR 
protocol optimized, the study of the 500 collected pollen samples can begin. This will 
begin with the isolation of the DNA from each of the samples. Next, it will be amplified 
using the prescribed PCR technique and two of the four microsatellite primers (probably 
FxII-ex8 and FxIl-ex8c). The gels produced herein will then be used to compare the 
amplification patterns of the two species. Additionally, an attempt will be made to 
examine differences among the same species in different habitats. 
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Appendices: 
Appendix A: Pictures of plants from Dauphin Island and Central Indiana 
Page in appendix Habitat 
I Beach-Dauphin Island 
2 Grassland-Dauphin Island 
3 Forest-Dauphin Island 
4 Farm and Cemetery-Indiana 
5 Gravel Quarry-Wilbur Wright 





:ndix B: Gel Pictures 
'icture Number Date Taken Primers used DNA used 
10/3/03 OPC 4 and OPC 7 Glass Shard Techniql 
10/31103 OPC 4 and OPC 7 TXlCO-Maize 
10/31103 OPC 4 and OPC 7 Glass Shard Techniql 
1117/04 FVIlex8 and 8c TXlCO--Maize 
1117/04 FVIlex8 and 8c Liquid Nitrogen DNJ 
1124/04 HNR-Rice and YN-2-20 Liquid Nitrogen DNJ 
re 1 Picture 2 
re 3 Picture 4 
re 5 Picture 6 
ndix C: Data Sheets 
hin Island Sheets then Indiana Study Sheets 
Sheet A: Dune/Salt Spray 
Sheet B: Sunny/grassland 
Sheet C: Shaded/forest 
'a! Indiana Study Sheets 
Sheet D: Shade Population 
Sheet E: Sun Population 
Tradescanlia 
~hie_ 
poputation IA. Dune 
SwaIelSaH 
S",ay 
Stem stem moisture Average Sample Code Pictll'e Soil Chrom. sum (G4:G37)134 Length in diameter Number pH content internode Nlmber Number 
nlmber Sample Sample mm inmm of Leaves ing distance in of flowers of buds mm 
'" 
X N 30 14.785 W088 04.060 320 12.45 25 9.65 1 17 
2 N 30 14.792 W088 04.592 200 11.96 21 ?fjll 1 15 
* 
N 30 14.784 W08804.578 310 12.25 40 7.50 1 13 
4"'- X N 30 14.794 W 088 04.533 370 11.56 45 4.90 2 15 
5"'- X N 30 14.792 W 088 04.699 300 10.95 37 6.64 1 15 
6A N 30 14.SOOW08804.727 200 9.54 17 5.60 1 12 
7" N 30 14.BCJ5 W08804.769 140 4.45 4 2.70 1 19 
6i\ N 30 14.802 W 088 04.793 190 5.50 12 6 0.6 7.20 1 6 
9A X N3014.601 W08804.007 160 4.34 10 7.40 2 24 
10A N 30 14.8OCI W 088 04.823 240 5.57 26 9.50 1 15 
11A N 30 14.796 W088 04.650 340 7.10 33 9.90 2 27 
12 X X X N 30 14.802 W 088 04.773 150 7.90 13 7.55 1 10 
13A N 30 14.796 W 088 04.785 152 6.00 11 6.60 1 15 
14A N 30 14.800 W 08B 04.791 214 9.42 25 10.40 1 14 
15A X N 30 14.796 W088 04.796 123 4.00 9 5.15 1 9 
16A X X N 30 14.B06W08804.799 200 12.25 30 7.35 2 26 
17 X N 30 14.809 WOBB 04.798 173 6.12 15 5.5 0.7 4.05 1 12 
16A X N 30 14.807 W 088 04.803 136 5.62 14 7.65 1 15 
19A X N 30 14.807 W 088 04.812 175 6.52 B 5.9 3.5 5.75 1 10 
20A X X N 30 14.B16 W088 04.798 132 4.73 16 6.25 1 15 
21 A N 30 14.907 W 088 04.612 176 6.00 12 4.45 1 16 
22A N 30 14.805 W 088 04.825 522 13.29 55 5.60 1 25 
23 X X N 30 14.796 W088 04.650 543 13.94 60 5.5 9.6 10.90 1 14 
24A X X N 30 14.789 W 08804.911 92 3.52 14 3.70 1 14 
25A X N 30 14.792 W088 04.922 240 7.61 25 5.65 1 9 
26 N 30 14.B10WOBB04.913 176 6.21 13 7.15 1 16 
27A X N 30 14.783 WOBB 04.902 127 5.29 6 4.25 1 15 
26 X N 30 14.BCJ5 W 088 04.843 197 6.83 14 6.60 1 23 
29 X N 30 14.809 W OBB 04.837 304 6.90 31 10.75 2 17 
30 X X X N 30 14.602 W 088 04.831 259 6.02 23 5.7 0.6 6.95 2 16 
31 X X N 30 14.796 W088 04.629 123 5.49 24 5.70 1 24 
32 N 30 14.602 W 088 04.620 176 4.71 13 5.70 2 9 
33A X N 30 14.BOO W088 04.825 243 7.65 27 9.60 1 19 
34A X N 30 14.809 W 088 04.808 132 3.65 12 3.96 2 26 
Mean 226.265 7.66 21.88 6.65 1.24 16.~ 
Standard Deviation I I 
Tradescariia 
ohiensis-Population 
B: Grassv/Sunliaht 
Stem Stem moisture Average Number Sample Code Picture So, Chromo Coordinates Length in diameter N""ber pH content internode of Number number Sample Sample of Leaves distance in of buds mm inmm "g mm flowers 
IB X X N 30 14.859 W 088 04.751 346 11.29 35 5 1.7 10.70 2 45 
2B X N 30 14.849 woea 04.742 553 14.79 50 10.90 7 35 
3B N 30 14.869 W088 04.750 442 13.80 43 8.90 5 18 
48 X N 30 14.867 W088 04.753 257 10.07 36 10.55 3 16 
5B X b< N 30 14.867 W 088 04.757 390 9.68 40 12.80 3 21 
6B X N 30 14.869 W088 04.754 207 12.55 32 8.85 2 21 
7B X X X N 30 14.B42 W08B 04.755 282 11.90 21 5.3 2.3 9.85 4 33 
8B N 30 14.877 W088 04.788 245 12.42 25 8.60 9 21 
9B X N 30 14.877 W088 04.763 248 11.92 23 12.55 6 10 
10 B X X N 30 14.873 W088 04.n5 336 12.25 30 10.20 3 37 
11B N 30 14.873W08B04.780 237 10.15 23 12.60 4 32 
12 B X X N 30 15.010W08804.670 344 11.52 41 6.3 0.5 9.70 4 21 
13 B X X N 30 12008W088 04.621 420 14.38 47 12.15 7 46 
14 B X X N 30 14.652 woea 04.550 548 15.27 5C 12.80 32 80 
15 B N 30 14.981 W08B04.522 254 10.52 31 9.75 4 57 
16B X N 30 14.975Woea 04.520 241 9.50 30 9.90 2 35 
17 B X X N 30 14.970W08804.521 194 8.95 20 12.30 2 31 
18 B X X N 30 14.965 W08804.517 417 10.79 36 11.95 3 41 
19 B X N 30 14.964 W088 04.516 208 12.62 32 10.10 4 26 
20B X N 30 14.9fDW08804.514 211 9.78 31 6.2 1.1 13.60 7 32 
21 B Ix X N 30 14.957 woea 04.526 326 11.82 31 9.60 2 46 
22B Ix X N 30 14.949 W088 04.516 283 14.73 37 12.40 6 41 
23B X X N 30 14.950 woea 04.511 219 10.29 24 9.80 2 31 
24 B Ix X N 30 14.948 W oea 04.509 263 9.97 25 9.50 4 52 
25B X N 30 14.944 W08804.505 225 10.38 36 10.80 4 67 
26B N 30 14.957 Woea04.503 392 10.09 40 12.25 4 44 
27B N 30 14.950 W088 04.500 27! 12.80 25 9.55 6 17 
28B N 30 14.945 woea 04.492 43f 14.49 47 11.35 5 27 
29B N 30 14.942 W088 04.494 321 19.78 39 12.74 2 42 
30B X X N 30 14.912 woea 04.493 279 12.78 31 6.6 0.9 10.35 2 21 
31 B N 30 14.915 W088 04.491 254 10.60 31 10.75 7 19 
32 B N 30 14.928 W 088 04.487 175 8.67 27 12.40 6 12 
33B N 30 14.910 woaa 04.481 255 12.92 39 11.25 4 14 
34B N 30 14.900 W088 04.476 527 13.95 62 15.85 5 23 
Mean 312.15 11.98 34.41 11.10 5.06 32.765 
Standard Deviation 
~ 
T radescartia 
ohiensis plot 
C: 
ShadedlForest 
Stem Stem moisture Average Sample Code Picture Soil Chrom. Coordinates Length in diameter Number pH content internode Number Number 
number Sample Sample of Leaves distance in of flowers ofbucls 
mm inmm ing mm 
1 C X X N 30 15.353 W 088 06.441 235 11.82 14 7.7 14.5 26 1 15 
2C N 30 15.350 W 088 06.439 316 13.49 B 41 1 15 
3C X N 30 15.352 W 088 06.462 170 7.22 23 14 1 17 
4C X N 30 15.353 W 088 06.463 144 7.89 15 12 1 27 
5C N 30 15.346 W 08B 06.459 347 B.77 9 34 1 15 
6C X N 30 15.366 W 088 06.473 272 9.21 B 27 1 14 
7C N 30 15.404 W 08B 06.470 367 7.11 13 39 1 12 
BC X X N 30 15.406 W 088 06.452 336 13.6 13 7.2 22.2 25 1 17 
9C X N 30 15.406 W088 06.470 175 9.09 11 11 1 13 
10C X N 30 15.402 W088 06.468 256 12.85 13 24 2 17 
11C Ix X N 30 15.407 W088 06.454 356 13.88 16 34 2 30 
12C Ix X N 3015.~W08806.429 357 13.49 23 36 1 21 
13C N30 15.416 W088 06.437 159 6.98 10 10 1 2E 
14C N 30 15.377 W088 06.444 259 11.78 13 23 1 20 
15 C Ix X N 30 15.392 W088 06.448 277 10.95 23 23 1 37 
16C N 30 15.4a> W088 06.446 253 11.94 11 24 1 11 
17C Ix X X N 30 15.407 W088 06.447 333 13.68 13 7.6 15.6 37 1 22 
1BC N 30 15.413 W08806.44B 325 13.5 15 36 1 17 
19C X N 30 15.400 W088 06.449 204 9.2 20 20 1 32 
20C N 30 15.408 W08806.443 224 10.32 17 17 1 13 
21 C Ix N 30.15.386 W 088 06.444 327 12.17 38 1 31 
22C N 30 15.390 W08806.44D 232 11.69 6 36 1 1C 
23C Ix X N 30 15.382 W08806.435 292 12.89 6 26 1 37 
24C N 30 15.328 W 088 06.459 232 7.05 7 28 1 1 
25C Ix X X N 30 15.325 W 088 06.460 245 10.11 14 6.3 4 26 1 11 
26C N 30 15.088 W 088 05.233 285 11.71 7 37 1 16 
27C Ix X N 30 15.093 W08805.204 162 8.28 B B 1 9 
28C X X N 30 15.038 WOBB04.812 110 5.65 25 7 16.2 10 1 6 
25C N 30 15.012 W088 04.nS 232 12.2 7 27 1 14 
30C Ix X N 30 15.011 W 088 04.n1 169 7.54 13 13 1 12 
Mean 257.7 10.54 13.07 25.53 1.07 1B.3 
Standard Deviation 
Shade Population 
Plan' Root and bag Root Shoot and bag Shoot Bud and beg Bud S:R Total 'INItio" 8:Total .+, log sr dark log bud dar! root + shoot in bud in n"U log s+r in mg dark 
• 8.38 1.24 8.53 • .39 7.72 0.58 1.12097 3.21000 0.18069 2.63 0.41996 -0.23657 2630 580 3.419955748 2 8.05 0.91 8.14 1.00 7.58 0.44 1.09890 2.35000 0.18723 1.91 0.28103 -o.35e55 1910 440 3.281033367 
3 7.73 0.59 7.96 0.82 7.18 0.04 1.38983 1.45000 0.02759 1.41 0.14922 -1.39794 1410 40 3.149219113 
4 9.81 2.67 7.77 0.63 7.91 0.77 0.23596 4.07000 0.18919 3.30 0.51851 ..(J.11351 3300 770 3.51851394 
5 18.63 11.49 8.84 1.50 7.73 0.59 0.13055 13.58000 0.04345 12.99 1.11361 -0.22915 12990 590 4.113609151 
• 8.65 1.71 7.50 0.36 7.25 0.11 0.21053 2.18000 0.05046 2fJ7 0.31597 ..(J.95861 2070 110 3.315970345 7 9.96 2.82 7.73 0.59 7.22 0.08 020922 3.49000 0.02292 3.41 0.53275 -1.09691 3410 80 3.532754379 
• 13.57 6.43 10.94 3.80 7.89 0.75 0.59098 10.98000 0.06831 10.23 1.00988 -0.12494 10230 750 4.009875634 9 7.72 0.58 7.80 0.48 7.70 0.56 0.79310 1.60000 0.35000 1.04 0.01703 ..(J.25181 1040 580 3.017033339 
10 8.13 0.99 7.73 0.59 7.47 0.33 0.59596 1.91000 0.17277 1.58 0.19866 -0.48149 1580 330 3.198657087 
11 12.76 5.62 14.05 6.91 7.65 0.71 122954 13.24000 0fJ5363 12.53 1.09795 -0.14874 12530 710 4.097951071 
12 8.15 1.01 9.89 2.75 7.23 0.09 2.72277 3.85000 0.02338 3.76 0.57519 -1.04576 3780 90 3.575187845 
13 9.80 2.46 9.82 2.88 7.25 0.11 1.08943 5.25000 0.02095 5.14 0.71096 -0.95861 5140 110 3.710963119 
14 8.97 1.83 8.45 1.31 7.63 0.49 0.71585 3.63000 0.13499 3.14 0.49693 -0.3098 3140 480 3.496929648 
15 7.90 0.76 7.70 0.56 7.88 0.54 0.73684 1.88000 0.29032 1.32 0.12057 -0.26761 1320 540 3.120573931 
I. 9.90 2.76 12.84 5.70 7.33 0.19 2.06522 8.65000 0.02197 8.48 O!d2737 -0.72125 8480 190 3.927370363 
17 8.15 1.01 8.80 1.66 7.48 0.34 1.84356 3.01000 0.11296 2.67 0.42651 -0.46852 2670 340 3.426511261 
18 8.19 1.05 8 ... 1.40 7.56 0.42 1.33333 2.87000 0.14634 2.45 0.38917 -0.37675 2450 420 3.389166084 
19 826 1.12 7.83 0.69 7.32 0.18 0.61607 1.99000 0.09045 1.81 0.25768 -0.74473 1810 180 3.257678575 
20 10.03 2.89 8.51 1.37 7.43 0.29 0.47405 4.55000 0.06374 4.26 0.62941 -0.5376 4260 290 3.629409599 
21 8.21 1.07 7.83 0.69 7.24 0.10 0.84488 1.86000 0.05376 1.76 024551 -1 1760 100 3.245512668 
22 7.94 0.80 7.66 0.52 7.34 0.20 0.85000 1.52000 0.13158 1.32 0.12057 -0.69897 1320 200 3.120573931 
23 8.10 0.96 8.03 0.89 7.49 0.35 0.92708 220000 0.15909 1.85 0.26717 -0.45593 1850 350 3.267171728 
24 15.09 7.95 12.36 522 7.58 0.44 0.65660 13.61000 0.03233 13.17 1.11959 -0.35655 13170 440 4.119585775 
25 29.68 22.54 14.49 7.35 7.29 0.15 0.32609 30.04000 0.00499 29.89 1.47553 -0.82391 29890 150 4.475525915 
median median median ~.n ~.n ~." 
1.24 1.31 0.34 0.88829 5.71800 0.10532 
Sun Population PIa,. Root and bag Root Shoot and bag Shoot Bud and bag Bud S:R Tolal Weig" B:Total .+, log sr light log bud Iigtr root + shoot in bud in 1'111 log s+r in mg light 
2. 10.16 3.02 9.19 2.05 7.87 0.73 0.678808 5.80 0.12586207 5.07 0.70501 -0.13668 5070 730 3.705007959 
27 929 2.15 8.79 1.65 7.39 0.25 0.767442 4.05 0.D61n84 3.80 0.57978 -0.60206 3800 250 3.579783597 
28 10.40 3.26 9.24 2.10 7.61 0.47 0.644172 5.83 0.0806175 5.36 0.72916 -0.3279 5360 470 3.72916479 
29 9.35 2.21 8.24 1.10 7.32 0.18 0.497738 3.49 0.05157593 3.31 0.51983 -0.74473 3310 180 3.519827994 
30 8.11 0.97 7.80 0.99 7.27 0.13 0.680412 1.76 0.07386364 1.63 021219 -0.88606 1630 130 3.212187604 
31 20.38 13.24 8.10 0.96 7.24 0.10 0.072508 14.30 0.00699301 14.20 1.15229 ·1 14200 100 4.152288344 
32 90.95 83.81 9.83 2.69 7.45 0.31 0.032096 86.81 0.00357102 86.50 1.93702 -0.50864 86500 310 4.937016107 
33 129.52 122.38 11.34 4.20 8.05 0.91 0.034319 127.49 0.00713781 126.58 2.10237 -0.04096 126580 910 5.102365091 
34 14.18 7.02 8.18 1.04 7.36 024 0.148148 8.30 0.02891566 8.08 0.90634 -0.61979 8080 240 3.906335042 
35 8.56 1.42 7.57 0.43 7.33 0.19 0.302817 2.04 0.09313725 1.85 0.26717 -0.72125 1850 190 3.287171n8 
38 23.48 16.34 14.80 7.86 8.87 1.73 0.468788 25.73 0.08723669 24.00 1.38021 023805 24000 1730 4.380211242 
37 12.33 5.19 8.72 1.58 7.94 0.50 0.304432 727 0.06877579 6.77 0.83059 -0.30103 ono 500 3.630588699 
38 10.21 3.07 8.04 0.90 7.40 0.26 0.29316 4.23 0.06146572 3.97 0.59879 -0.58503 3970 260 3.598790507 
39 12.25 5.11 9.71 2.57 7.50 0.36 0.502935 8.04 0.04477612 7.68 0.68536 -0.4437 7660 380 3.88538122 
40 9.75 2.61 7.90 0.76 7.36 0.22 0.291188 3.59 0.06128134 3.37 0.52783 -0.65758 3370 220 3.527629901 
41 14.87 7.73 9.08 1.94 7.60 0.45 025097 10.13 0.04540987 9.67 0.98543 -0.33724 9670 450 3.9854264704 
42 19.18 12.04 8.13 0.99 7.62 0.48 0.082226 13.51 0.03552924 13.03 1.11494 -0.31876 13030 480 4.114944416 
43 20.49 13.35 10.33 3.19 7.87 0.53 0.238951 17.07 0.03104862 16.54 1.21854 -027572 19540 '30 4218535505 
44 16.51 9.37 8.93 1.79 7.74 0.60 0.191035 11.76 0.05102041 11.16 1.04766 -0.22185 11160 600 4.047684195 
45 9.01 1.87 7.80 0.66 7.45 0.31 0.352941 2.94 0.10915493 2.53 0.40312 -0.50664 2530 310 3.403120521 
45 13.20 6.08 9.66 2.72 7.98 0.94 0.448845 9.62 0.08731809 8.78 0.94349 -0.07572 8780 940 3.943494516 
47 10.42 3.28 9.45 2.31 7.61 0.47 0.704268 0.08 0.0T755776 '.59 0.74741 -0.3279 5590 470 3.747411808 
48 9.50 2.38 7.57 0.43 7.36 0.22 0.182203 3.01 0.0730897 2.79 0.4456 -0.65758 2790 220 3.445604203 
49 10.79 3.65 7.81 0.67 7.35 0.21 0.183562 4.53 0.04635762 4.32 0.53548 -O.8TT76 4320 210 3.635483747 
50 27.74 20.60 19.21 12.07 8.24 1.10 0.585922 33.77 0.03257329 32.67 1.51415 0.04139 32670 "OIl 4.514149134 
n.dian n.dian n.dian ... ., .... , .... , 
5.11 1.65 0.36 0.357595 16.84 0.05704 
